Pial arterial responses to reduction in arterial oxygen tension were studied in anaesthetised cats. In 12 cats under chloralose, dilatation occurred in vessels of all sizes between 20 and 200 }.Lm, at variable levels of Pa02, and to a very variable extent. At P a02 25 -35 mm Hg, dilatation ranged from negligible to 175% above initial diameter. The variations in response were largely depen dent on associated blood pressure (BP) changes. Increase in BP counteracted dilatation; dilatation was greater during hypoxia when the BP change was prevented. At the induction of hypoxia, the first response of the vessels was a constriction, which occurred about 5 s after the chemoreflex increase in BP. Dilatation was delayed a further 30-90 s, and this delay was similar when BP was prevented from rising. Vessels of all sizes responded in the appropriate manner when only BP was transiently changed within the autoregulatory range. In 3 cats in which similar procedures were compared under pentobar bitone anaesthesia, there were smaller and less consistent changes in responses to BP changes alone and to hypoxia and its associated BP changes. The find ings were compatible with a local effect of lowered P02. From the time course of the changes there was no indication of a chemoreflex component in the re sponses of these vessels at the induction of hypoxia.
Summary: Pial arterial responses to reduction in arterial oxygen tension were studied in anaesthetised cats. In 12 cats under chloralose, dilatation occurred in vessels of all sizes between 20 and 200 }.Lm, at variable levels of Pa02, and to a very variable extent. At P a02 25 -35 mm Hg, dilatation ranged from negligible to 175% above initial diameter. The variations in response were largely depen dent on associated blood pressure (BP) changes. Increase in BP counteracted dilatation; dilatation was greater during hypoxia when the BP change was prevented. At the induction of hypoxia, the first response of the vessels was a constriction, which occurred about 5 s after the chemoreflex increase in BP. Dilatation was delayed a further 30-90 s, and this delay was similar when BP was prevented from rising. Vessels of all sizes responded in the appropriate manner when only BP was transiently changed within the autoregulatory range. In 3 cats in which similar procedures were compared under pentobar bitone anaesthesia, there were smaller and less consistent changes in responses to BP changes alone and to hypoxia and its associated BP changes. The find ings were compatible with a local effect of lowered P02. From the time course of the changes there was no indication of a chemoreflex component in the re sponses of these vessels at the induction of hypoxia. Key Words: Pial arterial vessels-Hypoxia-Chemoreflex-Local effect.
It is well known that there is an increase in cere bral blood flow in systemic hypoxia, but the mecha nism remains to be established. The response is rapid, with signs of dilatation occurring within 5 -10 s of the start of inhalation of low-oxygen mixtures or of nitrogen in rats (Silver, 1977; Nilsson et aI., 1978) , cats, dogs, and rabbits (Jennett and Pitts, 1977a,b; Jennett et aI., 198 1) and may be measur able at P a02 well above the previously supposed "threshold" of about 50 mm Hg (Borgstrom et aI. , 1975) .
In contrast to the many studies on the effects of hypoxia on the total cerebral circulation, the re sponse of the pial arteriolar vessels to this stimulus has received relatively little attention, particularly with respect to transients, These vessels might well be different from other parts of the cerebral vascu lar bed in terms of the mechanism, rapidity, and extent of the response. Kontos et al. (1978) have reported the effects of steady-state (> 5 min) arterial hypoxia on pial ar teries and arterioles in pentobarbitone-anaesthe tised cats, They showed that vessels of less than 50 /.Lm in diameter dilated by 8 and 30% on average when 12 and 7% oxygen mixtures were inspired. On the basis of manipulating the P02 of the mock CSF superfusing the cortical surface independently of the intravascular Po2, these authors concluded that the action of hypoxia on the pial vessels was an entirely local one, probably acting indirectly via the neural cells rather than directly on the vas cular smooth muscle itself; adenosine is supported by these and other workers as the likely mediator (Winn et aI., 1979) .
The time course of the response of the pial ves sels at the onset of hypoxia is relevant to the valid ity of any hypothesis proposed for the mechanism of dilatation, but so far this has not been reported and was therefore one of the objectives of the pres ent study. Also, since other studies in this labora tory and elsewhere had established a short latency of dilatation in the brain at the start of hypoxia, but had not localised these rapid changes to particular vessels, the rapidity of response of the pial vessels would indicate whether or not they were represen tative of the whole vasculature in this respect.
The response of the pial vessels to the induction of systemic hypoxia is liable to be complicated by changes in arterial blood pressure (BP) occurring under such conditions. Constriction of pial arteries as BP increases and dilatation as BP decreases, ob served in cats by Fog in 1937 and repeatedly con firmed, also may or may not be representative of the whole vasculature in pattern and mechanism: the rapidity of this autoregulatory response of the pial vessels is relevant. There have been systematic studies of the effects of steady-state changes in BP on pial arteries and arterioles by Kontos et al. (1978) and by MacKenzie et al. (1976) , but they report conflicting results as to the size of vessels most re sponsive to the stimulus and, indeed, concerning the presence or absence of any response of smaller vessels within the autoregulatory range of BP. The two groups used different methods and different anaesthetic agents. Wahl and Kuschinsky (1979) also reported on autoregulatory responses of ves sels of a wide range of sizes in chloralose anaesthetised cats and had the impression that small vessels dilated more, but constricted less, than large vessels in response to the appropriate BP change. These considerations are relevant to the study of the effect of hypoxia when it involves concomitant changes in BP.
In the present study, we aimed to define the la tency and magnitude of the response of pial arterial vessels of different sizes to different levels of hypoxia and to consider the interaction with the re sponses of the same vessels to alterations in BP. Thereby, we hoped to find indirect evidence con cerning the mechanisms involved and to show whether pial vessel diameter changes do or do not typify the overall changes in cerebrovascular resis tance in response to hypoxia and to changing BP, both together and separately. 
MATERIALS AND METHODS
The experiments were carried out on 15 cats of either sex weighing between 1. 1 and 4.0 kg. Anaesthesia was induced by intravenous Saffan® (alphaxolone, 67.5 mg/kg, and alphadolone acetate, 22.5 mg/kg). Endotracheal intubation was carried out and mechanical ventilation applied to establish and maintain arterial Pco2 close to 30 mm Hg. Gal lamine (10 mg) was given intravenously as neces sary for muscular relaxation. Both femoral arteries and veins were cannulated in order to measure arte rial blood pressure (BP), to obtain arterial samples, and to administer drugs and intravenous fluids. Anaesthesia was maintained with intravenous chloralose (6 mVkg of a 1% solution, with Mditional dosage as necessary) in 12 cats, and with a constant intravenous infusion of sodium pentobarbitone (Sagatal®; approximately 2 mg/kg/h) in the remain ing 3 cats. Airway CO2% and O2% were measured continuously (Godart capnograph and Beckman OM II oxygen analyser) and recorded, along with BP, on a Devices four-channel recorder (Fig. 1 ). Measurements of arterial pH, Pco2, and P02 were made on a Corning medical gas analyser as neces sary to obtain base-line and test values throughout the course of the experiment. Rectal temperature was measured and kept at 37 -38°C by a heating blanket.
The cats were placed in a stereotaxic head holder; the scalp was incised and elevated to form the sides a "bath" suspended from a metal ring above the exposed skull. A unilateral craniectomy (1.5 x 1.0 cm) was performed in the parietal region using a dental drill cooled with saline. When the bone had been removed, the cranium was com pletely covered with warm mineral oil by filling the scalp "bath" to a depth of about 1 cm above the cortical surface. The oil thereafter was continuously circulated so as to keep the brain surface tempera ture close to 37°C. Under oil, the dura was incised and reflected; oxidised cellulose (Oxacel®) was placed over the cut edges to prevent bleeding.
Measurement of Pial Vessel Diameter
The television image-splitting technique was used (Baez, 1966) , as modified by Wahl et al. (1973) viewed with a TV camera (Grundig FA 70) and video monitor. The shearing screw of the eyepiece which controlled the degree of splitting was con nected via a potentiometer to a Servo-scribe pen recorder and also to the fourth channel of the De vices recorder (Fig. I) . The system was calibrated before each experiment using monofilament nylon sutures of known diameter. Pial vessel diameter could thus be calculated from the chart record. In order to follow transient changes in diameter, it was possible to readjust the image-splitter repeatedly such that a new measurement was recorded every 2-3 s (Jennett and Pitts, 1977b) ; the timing of changes could be related to airway O2% and BP from the multichannel chart record. In each animal, three arterial vessels of different sizes in the range 20-200 /Lm were selected and studied during the several experimental conditions.
Experimental Procedures
Each animal was exposed to at least three levels of systemic hypoxia in a progressive sequence from the mildest to the most severe; in 10 animals, eac h level of hypoxia was followed by a recovery period during which the animal was brought back to nor moxic conditions. Each level of hypoxia was main-tained for about 3 min only. The low-oxygen mix tures were delivered from a Douglas bag attached to the inlet of the ventilator. This entailed a delay due to dead space, but the timing of alterations in in spired and end-tidal O2 concentrations could be obtained from the chart record of airway O2%, The inspired O2 was varied to give three appropriate arterial P02 levels (mild, >50 mm Hg; moderate, 35-50 mm Hg; and severe, <35 mm Hg) in each animal. Changes in pial vessel calibre were followed in one vessel in each animal during both the induc tion and the reversal of hypoxia, and measurements made of all the vessels in the third minute: a sample of arterial blood was withdrawn at this stage for measurement of gas tensions and pH.
In any one animal, the effect of hypoxia without and with prevention of a change in BP was studied in one pial vessel as follows: the mild and the mod erate levels of hypoxia were studied, following which the normoxic conditions were restored; a step change was made to severe hypoxia (arterial P02 25 -35 mm Hg) allowing BP to change; after not more than 3 min, normoxia was again restored, and a sufficient recovery period was allowed, as judged by pial vessel diameter and BP; the step change to hypoxia was repeated, this time attempt ing to prevent the change in BP anticipated from the previous sequence; this was done by withdrawing or replacing blood from a femoral catheter ad vanced into the aorta.
In some of these same animals, the effect of BP changes alone on particular pial vessels was com pared with the effect of hypoxia and its associated BP changes. BP changes were produced by bleeding or reinfusing the animal's own (heparinised) blood, with a small additional volume of dextran when necessary; a change in BP of 20 mm Hg could thus be produced in about 20 s. This was done before any exposures to hypoxia and the initial conditions were restored as closely as possible before proceeding to the hypoxic study.
In 4 cats, the effect of hypercapnia on the re sponse to hypoxia was studied; 2% CO2 was added to the inspired gas, the ventilator adjusted to give the required arterial Pco2, and measurements made in the third minute at steady end-tidal levels. BP was not controlled.
In preliminary studies it was established that a change in the ventilatory volume, maintaining Paco2 constant by varying inspired CO2, did not alter pial arterial diameter. .
Presentation of Data

Each value for vessel diameter in hypoxia was
compared with that during the preceding normoxic period and is expressed as a percentage change. This change could be attributed entirely to hypoxia only if the blood pressure was unchanged or had been kept constant during the exposure. In order to allow for effects of BP changes when they occurred, a correction was attempted. The correction factor was determined for each vessel in each animal by comparing the diameter at different blood pressures during normoxic and normocapnic periods when BP had changed (perhaps by 10-15 mm Hg) during the course of the experiment for reasons other than hypoxia. These corrections were necessarily very approximate because the response of each vessel to a full range of BP change in either direction was not examined, but they were individualised for par ticular vessels, within a similar range of BP change.
RESULTS
A great majority of the pial vessels studied di lated, but to a very variable extent, in moderate to severe hypoxia. The variability was related to BP changes during hypoxia. Figure 1 shows the whole sequence of a typical experimental run, using the most severe level of hypoxia, allowing BP to change, and maintaining end-tidal Pco2 as close to the initial value as possi- ble by adjusting the ventilator. The oxygen record shows, typically, the attainment of a new steady level after the first minute (arterial P02 values were obtained in the third minute). The BP trace shows the pattern common to 10 of 12 chloralose anaesthetised cats at all levels of hypoxia: BP rapidly increased initially, then settled to a lower, but above-reference, level after the first 1-1 Y2 min utes. The simultaneous record of pial arterial diam eter allows comparison of the sequence of change typical of most vessels: first a constriction following the rise in BP, and then dilatation to a greater diam eter than the reference value. The results to be de scribed from this type of exposure, and also from those in which BP was controlled, are (1) the mag nitude of dilatation for different sizes of vessels at different levels of hypoxia after stabilisation in the third minute and (2) information concerning the di rection and sequence of changes during the first half-minute of hypoxia.
Changes in Pial Arteries at the Third Minute of Hypoxia
BP Changing Freely
When diameter changes were plotted against Pao2, there was a great deal of scatter (Fig. 2, left) , which was associated with considerable variability in BP changes (Fig. 2, right) .
For some experiments, it was possible to derive correction factors as described in Methods, in order to standardise the diameter changes for differences in BP changes; the predicted change in diameter at steady BP was estimated from the behaviour of particular vessels when only the BP altered ( Fig. 3) .
Over the whole group of 12 chloralose-anaes thetised animals, the magnitude of the response to the most severe hypoxia, uncorrected for BP changes, ranged from a dilatation by 0.6% to a dilatation by 175% of the reference value. The great variation in the response was diminished if hypoxic dilatation was considered as being counteracted by a constrictive response to raised BP (or as being enhanced by decreased BP). In general, it could be said that the relationship between dilatation and Pao2 was not inconsistent with that which has been widely documented for other effects of diminishing Pao2: a response which becomes steeper below 40-60 mm Hg Pao2, and which may best be de scribed as hyperbolic .
BP Held Near Reference Level
When BP was controlled during alternate expo sures to progressively lower oxygen levels, the dila tation was greater when BP was not allowed to rise (Fig. 4) .
In 3 chloralose-anaesthetised animals, mea surements on each of the three vessels studied could be satisfactorily compared with and without BP control; at Pao2 � 35 mm Hg, an average dilata tion by 20-25% for larger vessels and by 72% for the small vessels increased to 35 and 97%, respec tively, when BP was prevented from rising (Table  1) . This was not due to progressive or irreversible dilatation, because these comparisons were made only from those experiments in which the dilata tion was reversed on returning to normoxia after each exposure. In other animals in which similar comparisons were made, but in which the data set was not complete for all vessels or for all levels of hypoxia, the results were qualitatively similar.
Response in relation to vessel size. In all 12 chloralose-anaesthetised animals, the rank order for magnitude of dilatation was smallest > medium > largest vessel. The smallest vessels dilated most both when uncorrected values were considered and also when corrections were made for BP changes or when BP alterations were prevented.
Barbiturate-anaesthetised cats. In 3 animals, the differences in the response of vessels of differ- ent sizes were inconsistent: the medium vessels di lated most in 2 of the cats. There was a smaller dilatation for all vessel sizes as compared to the vessels in the chloralose-anaesthetised animals ( Table 2) . This difference between groups of 3 animals under each anaesthetic when BP was held constant was shown to be significant (p < 0. 05) by analysis of variance.
Response to hypoxia with and without hyper capnia. For each of three vessels in each of 4 chloralose-anaesthetised cats, dilatation in the third minute was compared between hypoxia alone and hypoxia combined with a 10-15 mm Hg increase in Pac02• Alterations in BP again complicated the re sults, and corrections were attempted as for hypoxia alone. An increase in Paco2 produced additional dilatation at any level of hypoxia, even in the Pao2 range of 25-30 mm Hg (Fig. 5) .
Transient Changes at the Start of Hypoxia
Arterial BP Allowed to Change
In the majority of hypoxic exposures in most animals, the arterial BP rose, and this was the fast-est change recorded. The rise began within 10 s of the start of the first inhalation of hypoxic gas. This response was taken to signify normally responding chemoreceptors and a normally reactive cardiovas cular system; therefore, further detailed informa tion concerning the timing and sequence of changes in vascular diameter was obtained only from the records of those experimental runs in which the BP response occurred.
The results presented are for the most severe level of hypoxia (inhalation of 7-9% oxygen) and refer to those vessels which were continuously measured during the transient changes (one vessel in each of 6 cats, and three vessels in each of an other 4 cats). Changes at induction of the milder levels of hypoxia w ere qualitatively similar.
With reference to one vessel in the .diameter range 100-200 p.m in each of 10 chloralose-anaesthetised cats, 5-10 s after the rise in BP, 7 of the 10 vessels started to constrict; the other 3 showed no change at this time; and no vessel showed any measureable "passive" dilatation as the BP increased. Sub sequently, the diameter increased, reaching its steady-state level of dilatation in the third minute. The reversal from constriction (if any) towards di latation started at 30-90 s from the start of hypoxia, sometimes when the BP was still rising to its peak, sometimes when it was starting to decrease (Fig. 6,  left) .
In 4 of these 10 animals, all three vessels were followed: with reference to ves3els of diameter less than 100 p.m (2 in each of the 4 cats), six constricted and two showed no change when the BP rose at the induction of hypoxia. The six included three of di ameter :%= 50 p.m.
Barbiturate-anaesthetised cats. Only 1 of the 3 cats showed a hypertensive response to hypoxia: in this 1 cat the vessels showed no consequent constriction-indeed, they appeared to dilate pas sively with the rise in BP. Dilatation attributable to hypoxia in all 3 animals began 45 -200 s after the start of the exposures.
Arterial BP Controlled
The changes in diameter were studied continu ously during paired exposures to low oxygen ten sion in 4 of the chloralose-anaesthetised cats when BP was, and when it was not, allowed to rise freely (Fig. 6) . The latency to the beginning of dilatation when BP was kept near its reference level was 30-60 s (Fig. 6, right) ; this was similar to the time at which reversal of constriction occurred when BP rose.
Effect of Changes in Blood Pressure Only
In order to establish whether the constriction of particular vessels following the BP rise at the start of hypoxia was indeed "autoregulatory," the re sponses of the same vessels to BP changes alone were studied.
In 5 of the chloralose-anaesthetised cats, BP changes were imposed before the most severe level of hypoxia and the changes matched as closely as possible to those occurring during hypoxia: BP was increased and then decreased to simulate the se quence in hypoxia. The procedure was repeated for each vessel, allowing recovery to base-line BP in between, and maintaining normoxia and normocap nia as closely as possible throughout. Mean BP was kept within the range 60-150 mm Hg. In each ves sel, constriction (or dilatation) started between 5 and 10 s from the start of the rise (or fall) in BP; there were no exceptions to this among the 15 ves sels (size range, 20-160 /Lm) studied in this way.
In the 3 pentobarbitone-anaesthetised animals, a similar procedure showed appropriate responses in the direction of autoregulation in only one of the animals (three vessels); in the other 2 animals, two vessels of the six showed constriction to rising BP, and only one vessel of the six dilated when BP was J Cereb Blood Flow Metabol, Vol. 1, No. 3, 1981 decreased, other effects being negligible or in a pas sive direction (Fig. 7) .
In any one animal and in any one vessel, the la tency of the response to a blood pressure change alone was similar to that following a BP change in hypoxia; the latencies were also similar to those reported by other workers for the response to BP changes.
Magnitude of Responses to Changes in BP versus Initial Diameter
The responses to BP change alone in normoxia were studied primarily for comparison of their mag nitude and time course with that of the events oc curring during hypoxia. They were also of interest in themselves because of the discrepancy in the lit erature concerning "autoregulatory" responsive ness of pial arterial vessels of different sizes. In the present experiments, prolonged steady states were not maintained at different BP levels, and in this sense the conditions were not similar to those studied either by MacKenzie et al. (1976) or by Kontos et al. (1978) . Nevertheless, it was possible to define values for change in diameter for a given change in BP over the relatively brief period used, and to express these as a percentage change per mm Hg change in BP.
In the present study, vessels of all sizes displayed autoregulatory responses when the BP was changed (e.g., Fig. 4) . As in hypoxia, the pattern of respon siveness to a BP change was smallest> medium> largest in the chloralose-anaesthetised cats.
DISCUSSION
Pial Arterial Diameter Changes in Relation to
Blood Flow Changes in Hypoxia
Clearly, measurements of pial vascular diameter alone cannot be used to estimate blood flow changes in this segment or in the cerebral vascular bed as a whole. What they do allow is calculation of the change in resistance of this segment. Thence, if the normal contribution of this segment to the whole cerebral vascular resistance is known, it is possible to assess the contribution of these vessels to the overall change.
We have not estimated whole brain or regional blood flow under similar hypoxic conditions in this particular preparation. Other studies in cats suggest that 100-150% increase in cerebral blood flow (CBF) might be expected at Pao2 around 25 mm Hg (Bates and Sundt, 1976) , but these animals were studied at an average of 10 mm Hg higher P aCOZ than ours. Reports for CBF in dogs at a similar level of hypoxia vary from +50 to + 150% (McDowall et aI., 1966; Kogure et aI., 1970; Traystman et aI., 1978) ; in baboons, an increase of only 35% is appar ent from the work of James et ai. (1969) , whereas in this laboratory, increases of 70-100% have been found, all with reference to Pao2 25-35 mm Hg. Anaesthetic differences complicate these compari sons.
The dilatation in the present series was very vari able and was counteracted by a rise in BP; but if a 40-50% increase in diameter is taken as the com monest finding at a Pao2 less than 35 mm Hg, this is consistent with a 75-80% decrease in resistance, in this segment. A s suming that BP stays constant, that larger artery resistance is unchanged, and that flow increases by 100% we can state the following: the pressure drop across the large artery segment would be doubled (say from 20 to 40 mm Hg) and the pres sure drop across the small arterial segment would be reduced by a similar amount if capillary pressure remains constant. This gives an approximate esti mate of a 60% decrease in resistance between large arteries and capillaries. The less susceptible the larger pial arteries are to hypoxic dilatation, the larger will the pressure drop across them be, and so the smaller will the pressure drop be across the smaller arterioles; their resistance could be ex pected to be decreased by more than 60%; hence, a dilatation by 40-50% of initial diameter is quite consistent with an overall increase in flow of 100% or more. There could still be a greater dilatation of intraparenchymal vessels. There does not appear to be any direct information on the changes in resis tance of the several segments of the vascular bed during hypoxia, comparable to those reported for BP changes (Stromberg and Fox, 1972; Kontos et aI., 1978) . A recent comparison between pial arterial flow (from diameter and velocity measurements) and CBF measured by microspheres showed the two to be well correlated, but did not include a study in hypoxia (Busija et aI., 1980) .
In summary, our results for pial arterial dilatation are compatible with the concept that the smallest intraparenchymal and pial arterioles dilate most in hypoxia, and with an increase of CBF by more than 100%.
Interaction Between Hypoxia and BP Changes
Many reports concerning the effects of hypoxia on CBF or on pial arteriolar diameter have either not referred to BP changes or have stated that they were nonsignificant, e.g., the study of cats by Kontos et ai. (1977) . By contrast, Bates and Sundt (1976) found a rise of BP of 10-20 mm Hg at a level of hypoxia comparable to the most severe exposure in the present series, also in cats.
A hypertensive chemoreflex response has long been recognised as usual in cats, dogs, and rabbits; experience in this laboratory, when studying hypoxic responses in other contexts as well as the present series, has confirmed that this is so, unless or until hypoxia is severe enough to embarass myocardial function. In our hands the BP as well as the ventilatory response is brisk and sustained for the duration of moderate hypoxia when barbiturate anaesthesia is adequate but not excessive (Jennett et aI., 198 1) ; findings were similar under chloralose and steroid anaesthesia (unpublished observations). Moreover, we have also observed that as the depth of barbiturate anaesthesia is increased, the BP re sponse to hypoxia disappears before the ventilatory response. This may account for the differences, for example, between the reports of Kontos et ai. (1977) , on the one hand, and of Bates and Sundt (1976) and ourselves on the other. The group of 3 cats in the present series anaesthetised with bar biturate showed less consistent BP responses, and were relatively deeply anaesthetised. We would maintain that if there is not a BP response to hypoxia, the preparation is not in a state of normal cardiovascular responsiveness, either because of nonresponding chemoreceptors or because of cen tral and/or myocardial depression.
The hypertensive response complicates analysis of the response to hypoxia. For this reason we at tempted to separate the components of the response in two different ways: by allowing BP to rise and making a correction for an "autoregulatory" con striction or by preventing the rise by controlled bleeding. These methods, although both very ap proximate, agreed in indicating that for most vessels in most animals at all levels of hypoxia there was in fact a competing vasoconstriction and vasodilata tion; this was also evident from the scrutiny of se quential tests in individual animals (e.g., Fig. 4) .
This finding is in agreement with that of Bates and Sundt, who found in their cats that denervation of the arterial chemoreceptors, which abolished the rise in BP, did not alter the rise in CBF with hypoxia; thus the contribution of a decrease in ce rebral vascular resistance was different in the two conditions: there was much more dilatation at a J Cereb Blood Flow Metabol, Vol. 1, No. 3, 1981 given Pao2 when BP did not rise. More directly, we have shown a greater dilatation in pial vessels when hypoxia is not accompanied by a rise in BP.
Time Course of Changes in Arterial BP and Vascular Diameter
The sequence of effects as arterial P02 was re duced was this: a rise in arterial blood pressure, "autoregulatory" pial arterial constriction, and then dilatation, to a level which at 2-3 min reflected the severity of the hypoxia and the magnitude of the BP response.
The latency of the rise in BP was consistent with the arterial chemoreflex response pattern, as amply established for anaesthetised cats. The latency of dilatation was clearly longer and not compatible with an arterial chemoreflex, such as proposed for the mechanism of hypoxic increase in CBF (Ponte and Purves, 1974) . If, on the other hand, the pial arterial vessels had been subject to sympathetically mediated chemoreflex constriction, as suggested for the whole brain in dogs (Vatner et aI., 1980) , they might have been expected to constrict simulta neously with the rise in BP. In the event, the con striction always started after a further latency of about 5 s. This was the same latency that we found for the response of pial arterial vessels to changes of BP in normoxia, in both the present series and pre viously (Jennett and Pitts, 1977b) , and is similar to that reported by Kontos et ai. (1978) . It is also com parable to the latency of constriction demonstrated by Symon et ai. (1973) in response to local increases of intravascular pressure in the middle cerebral ar tery. The response showed, in fact, the characteris tics of an autoregulatory, and probably myogenic, constriction.
The latency for pial arterial dilatation, when BP was held constant, or the reversal of the initial con striction when BP had risen in hypoxia, indicated an effect which was fairly rapid, but not as rapid as a chemoreflex nor as rapid as other types of study in similar cats have indicated for the onset of the blood flow response (Jennett et aI., 198 1) . This suggests that other vessels, probably intraparenchymal re sistance vessels, dilate more promptly than pial vessels as arterial P02 decreases.
Rapidity of the Local Action of Hypoxia
We have reported the immediate effects of brief hypoxia on pial arterial vessels. The transient re-sponses in the cerebral vascular bed at the onset of hypoxia have been relatively little studied, and the mechanisms remain uncertain. By contrast there is considerable information concerning steady-state hypoxia: in this circumstance, the effects on cellular metabolism, particularly in more severe hypoxia, clearly cause the local extracellular environment to alter. There is no doubt, for example, that adenosine accumulates in measureable quantities (Winn et aI., 1979) and that the tissue becomes acidic after a minute or two. There is then no lack of vasodilator substances as candidates for causing the increase in flow. But if there is a dilatory mech anism that can minimise or even forestall decreases in cerebral tissue POz when arterial POz decreases moderately, then this mechanism must act well in advance of the secondary effects of hypoxia. There is as yet no satisfactory explanation of how the early, rapid dilatation is mediated, although its short latency is evident from studies of venous outflow and of local blood flow in rats (Nilsson et aI., 1978; Silver, 1978) and of intracranial pressure in cats, dogs, and rabbits (Jennett et aI., 198 1) . Other re ports do not allow sufficient resolution to study the very early response, since changes were first mea sured at 1-2 min (Kogure et aI., 1970; Traystman et aI., 1978) .
We have not been able to follow pial dilatation and to record any continuous measurement reflect ing whole brain dilatation in the same animals at the same time, during induction of hypoxia, but if our different series of experiments are comparable, pial dilatation is slower than the increase in CBF. But both may be related to rapid effects of falling P<?z in the vascular smooth muscle itself or in the sur rounding tissue.
From the records of airway oxygen concentration (Fig. 1) , interpolated P aOz at the start of dilatation was 40-50 mm Hg. Some types of vascular smooth muscle in vitro respond with comparable rapidity when the bath P02 is abruptly reduced (Ebeigbe et aI., 1980) . It is therefore conceivable that the effect could be due to the direct action of low oxygen on the vascular smooth muscle in the pial arterioles. Kontos et al. (1977) have produced evidence that hypoxia acts locally, but they argued in favour of an effect on the surrounding parenchyma rather than on the vascular smooth muscle itself. The mea surements by microelectrode of POz along the length of pial vessels by Duling et aI. (1979) in normoxic conditions showed that blood in vessels of 22-J-tm diameter was normally at a P02 26 mm Hg lower than the arterial value. They did not make compa rable measurements during arterial hypoxaemia, but by implication, when a step reduction in POz is made, the P02 of the vascular smooth muscle would reach a lower level than the arterial value at 30 s.
Sensitivity of Different Sizes of Vessels
Smaller pial vessels have been shown to be more sensitive than larger ones to hy percapnia (Wei et aI., 1980) . There are discrepancies in the reports on the sensitivity of the different sizes to steady-state changes in BP (MacKenzie et aI., 1976; Kontos et aI., 1978; Wahl and Kuchinsky, 1979) , but these authors did not make statistical comparisons al lowing for variation between animals. In the course of elucidating the hypoxia-BP interaction, we have made observations on the sensitivity of different sizes of vessel to relatively transient changes in BP in either direction: analysis of these has indicated that in these conditions smaller vessels are more responsive than larger ones. In the chloralose anaesthetised cats, vessels of less than 50 J-tm diam eter did in fact respond to BP changes in both direc tions within the "autoregulatory range," given as 90-160 mm Hg for cats by Kontos et al. (1978) , who found no response at all of smaller vessels. Obser vations in 3 pentobarbitone-anaesthetised animals have suggested that differences between the reports from the two groups of investigators might be re lated to anaesthetic differences.
We have shown smaller vessels to be more sensi tive than larger vessels to hypoxia: the rank order was in reverse order of size in all but 3 of the 15 animals (these 3 were the barbiturate-anaesthetized animals). When a small vessel dilates most to hy poxia, and when there is a hypertensive response to that hypoxia, it could mean that the vessel is less susceptible to autoregulatory constriction. We examined this possibility by comparing the rank order for dilatation in tests in which BP was con trolled, and we found that small vessels still re sponded most.
Effect of Different Anaesthetic Agents
The likelihood that discrepant results may be re lated to anaesthetic differences requires re emphasis. We have shown a significantly smaller pial dilatation in response to hypoxia between chloralose-and barbiturate-anaesthetised animals. This adds to the evidence that barbiturates modify vascular smooth muscle activity (Altura and Altura, 1975) and can alter cardiovascular reactivity (Fuji shima et aI., 197 1), although brisk cardiovas cular responses to hypoxia and other changes may be preserved when pentobarbitone anaesthesia is maintained at a level that is not excessive (Jennett et aI., 198 1) .
In conclusion, pial arterial vessels begin to dilate not sooner than half a minute from the start of hypoxia; this could be consistent with a local action of decreased Po2• The pial response is probably slower than the overall blood flow response, which may mean that smaller intraparenchymal vessels re spond more rapidly by a similar or different mecha nism.
ACKNOWLEDGMENT
This work was supported by the Medical Re search Council. We acknowledge the assistance of the technical and nursing staff of the Wellcome Sur gical Institute.
